SUMMARY During an 18 month period, 120 preterm infants of 34 weeks' gestation or less were prospectively examined for periventricular leucomalacia (PVL) by cerebral ultrasound. Neurological and developmental assessment was carried out at 18 months of age corrected for prematurity in 82 surviving neonates. The developmental outcome (Griffiths development quotient) was above 80 and similar in infants with normal scans (n=41), isolated periventricularintraventricular haemorrhage (n=13), and post-haemorrhagic hydrocephalus (n=4), and no major handicap was diagnosed in these groups. By contrast, the prognosis was variable and poorer in infants with PVL (n=24) and depended on the extent and site of the lesion. Infants with frontal PVL (n= 13) developed normally. Major sequelae (n=8) were closely related to frontal-parietal PVL and frontal-parietal-occipital PVL and could be ascribed to the presence of cysts as well as to a persistent hyperechogenic ultrasonographic PVL appearance. A relation between size and site of the lesion and type and severity of the handicap was established.
Brain ultrasonography is used extensively for the detection of cerebral lesions in the newborn. Its validity for the diagnosis of periventricular leucomalacia (PVL) has been debated. '-3 Based on correlative studies between ultrasound appearances and postmortem observations, it is clear that accurate identification of PVL can be achieved. 4 None the less, the precise predictive value of brain ultrasonography in the diagnosis of PVL is unclear." 7 The main purpose of this study was to describe prospectively the type, site, and extent of PVL and to evaluate the neurodevelopmental outcome of children with PVL at 18 months of age compared with children with normal scans or with periventricular-intraventricular haemorrhage (PVH).
Patients and methods
A total of 120 infants of 34 weeks' gestation or less were scanned in the neonatal unit of this hospital. Twenty two died in the neonatal period (seven with normal scans, nine with PVH, five with PVL, and one with cerebral malformation). Sixteen were lost to follow up (13 with normal scans, one with meningitis, and two with PVH). The remaining 82 patients were grouped according to ultrasound diagnosis and followed up to 18 months of age. Group A (n=24) comprised infants with PVL with or without PVH, group B (n=41) infants with normal scans, group C (n=13) infants with isolated PVH without PVL or ventricular dilatation, 10 of whom had subependymal haemorrhage and three intraventricular haemorrhage, and group D (n=4) infants with arrested or progressive posthaemorrhagic obstructive hydrocephalus without PVL.
Included among the survivors were all but one of 54 children who were the subjects of a previous report that addressed outcome up to 12 months of age.8 The child not included was disregarded because of the omission of regular sequential scanning. There was no change in the interpretation of brain scans from the original report.
The birth weight, gestational age, sex distribution, and ultrasonographic appearances in the four groups are shown in Table 1 .
Ultrasound scans. Infants were prospectively scanned with an American Technical Laboratories I mechanical sector scanner and 7-5 MHz transducer.
Scanning was performed through the anterior fon- as the infant was admitted, daily during the first week of life and thereafter once weekly or more if necessary until discharge from hospital.
Ultrasound definitions and classifications, as well as diagnostic methodology, remained uniform throughout the 18 months. The degree of severity of PVH was defined according to the three grading system of Levene.9 The size of the ventricles was measured and related to the centile chart"' and the pattern of dilatation was described separately (transient, arrested, or shunted). If the measurement was greater than two standard deviations from the mean ventricular dilatation was diagnosed. The diagnosis of hydrocephalus was made when shunting was required or when the size of the ventricles remained markedly enlarged, well above two standard deviations.
PVL was defined in two stages. The early stage occurred within the first days of life and consisted of a characteristic triangular increased echogenicity visible for at least several consecutive days in both coronal and parasagittal planes in the vicinity of the external angles of the lateral ventricles in the periventricular white matter. The late stage was observed from the second to the 10-12th week of life and consisted of areas of reduced echogenicity, resolving progressively into cystic cavitation. 4 Ultrasound changes described in the survivors were consistent with the diagnosis of PVL as they were similar to ultrasound scans of infants whose diagnosis was confirmed at postmortem examination. Doubtful or transient increased echogenicity and a posterior periventricular halo" were not considered as definite PVL, and these infants were classified for the follow up in the normal group or PVH group, depending on the other ultrasonographic appearances.
The size and site of PVL changes were described separately and defined as frontal leucomalacia when frontal areas only were involved ( Fig. 1 ), frontalparietal leucomalacia when frontal-parietal areas were affected (Fig. 2) , and frontal-parietal-occipital leucomalacia in cases of extensive lesions involving the entire periventricular white matter from anterior to the frontal horns and from posterior to the occipital horns (Fig. 3 ).
Neurological assessment and follow up. Gestational age was determined from maternal dates and Dubowitz scores.12 The babies were then examined by staff not involved in the neonatal care at ages corrected for prematurity of 3, 6, 9, 12, and 18 months. The follow up examination consisted of a detailed neurological examination,13 14 an assess- Neurological outcome was classified as normal or as major handicap (spastic dipleglia, quadriplegia, hemiplegia, severe auditory and viWual impairment, and developmental delay (developmental quotient (DO) <80)).
Results
Neurodevelopmental outcome in relation to ultrasonographic diagnosis. The overall incidence of maj or handicaps was 9-7%. The mean (SD) DO was 88 (21-3) in group A, where lesions of PVL were diagnosed. Eight of the 24 children had a major handicap (three had cerebral palsy, one mental retardation, and four multiple handicaps). By contrast all children in groups B, C, and D had a DQ>80, and no child had a major handicap. The mean (SD) DQs in groups B, C, and D were 99-4 (5-0), 101-7 (4-0), and 98-7 (6-9), respectively. The difference in the mean DQ in group A compared with groups B, C, and D was significant (p<0-01, Mann-Witney U test).
PVL lesions: sequence and extent. Thirteen infants were found to have PVL changes in the frontal areas, six in the frontal-parietal areas, and five in the frontal-parietal-occipital areas. The sequence of PVL changes and the extent of the lesion related to size and site of the ultrasonographic appearances are shown in Table 2 . Seventeen infants were noted to have the echogenic stage of PVL within the first week of life and seven presented only with the late stage, with small cystic cavitations of 1-2 mm, close to the external angles of the lateral ventricles.
The most common sequence of PVL changes was increased echogenicity that resolved into cystic formations (11 cases). In five infants sequential scanning revealed a persistent increased echogenicity lasting at least two weeks. This was located in the frontal areas in three infants, in the frontalparietal areas in one, and in the frontal-parietaloccipital areas in one. Cystic changes were not identified in spite of serial ultra-sonography in these patients. The extent of the lesion was related to the We have previously reported in an autopsy correlation study that the early changes of PVLthat is, increased echogenicity corresponding on microscopy with acute coagulation necrosis5-evolved into two different patterns. 4 The most common change was cystic degeneration with well circumscribed echofree areas. The second change appeared as a persistent increased echogenicity (Fig.  5 ) lasting two to four weeks and was probably caused by gliosis with microcalcifications and small cysts less than 2 mm in diameter4 25 not identified by our scanning equipment. These observations strongly suggest that PVL and haemorrhage originating from the germinal layer are two distinct entities because of their respective topography and microscopic changes. Germinal layer haemorrhage may extend into the ventricular system and parenchyma. In our experience, however, 'parenchymal haemorrhage' is rare.
The extent of the damage was related to the size of the hyperechogenic area and the size, number, and site of the cysts. As already described in neuropathological reports25 26 PVL varied considerably in frequency and site. The preferential distribution in our study was in the frontal areas, anteriorly to the frontal horns. The periventricular white matter of the parietal regions, at the level of the foramen of Monro in the centrum semiovale, was also often affected. Involvement of the occipital radiations, at the trigone of the lateral ventricles, was always associated with extensive damage located in the frontal and parietal areas. Lesions were most often bilateral and multiple. These results support the idea that hypoxic-ischaemic injuries occur in the 'watershed' areas of the central and cortical vascular supplies and in the boundary zones between the main cerebral arteries.2729
Major neurodevelopmental handicaps were strongly associated with the presence of PVL. A clear relation could be established between the type and severity of the dysfunction and the site and extent of the cerebral lesions. Parietal involvement led to motor dysfunction. The more extensive the damage the more severe the cerebral palsy. A severe visual impairment was found in most infants with occipital lesions. Infants with frontal PVL or small focal changes of PVL, however, had a good prognosis. None of them had a major handicap and at 18 months their development was considered normal. Surprisingly, two children who were sequentially scanned had only the persistent hyperechogenic appearance of PVL with no cystic cavitation, yet they presented with severe sequelae. Leech 
